Mouse ribosomal protein L7 is encoded by a multigene family. Screening of two mouse genomic libraries with cloned L7 cDNA, has resulted in the isolation of nine independent X Charon 4A recombinant phages which include seven different L7 genes. Restriction enzyme mapping of six of these genes (L7-1, L7-16, L7-18, L7-28, L7-35 and L7-16b) reveals dissimilarity in sites within the L7 sequences as well as in the flanking regions. Electron microscopic analysis of heteroduplex and S1 nuclease mapping demonstrate that the first five genes contain the entire L7 mRNA sequence but lack introns. Based on these features we propose that these are processed genes. Of the L7 genes described here only one (L7-16b) exhibits a high degree of homology with L7 mRNA and contains introns. We discuss the possibility that this low representation of intron containing L7 genes may reflect the proportion of functional L7 genes in this multigene family.
INTRODUCTION
Eukaryotic ribosomal proteins (r-proteins) represent a group of "housekeeping" proteins whose requirement is ubiquitous to all cell types, developmental states, growth statuses and environmental circumstances (for review see 1, 2). Unlike prokaryotes which have a single gene coding for each rprotein (3), in eukaryotes, the situation appears more complicated. In yeast there are two copies of several ribosomal protein (rp) genes (4, 5, 6 ), many of them containing an intron (7, 8, 9, 10) . In Xenopus there are two to five copies of the rp-genes (11) of which two have been reported to contain introns (12) .
In the mammals individual rp-genes exist in numbers from seven to twenty (13) dispersed throughout the genome (14) . However, the evolutionary advantage of the multiplicity of mammalian rp-genes is not immediately obvious. This is based on calculations that even in proliferating mouse cells a single functional rp-gene would be sufficient to fulfil the cells requirement for the corresponding mRNA (13) . Therefore these reiterated rp-genes may be expressed not simultaneously but in a tissue specific manner, or during a particular developmental stage. Alternatively, some members of these multigene families might be incompetent or pseudogenes. This may indeed be the case regarding four recently isolated mouse r-protein L18 genes which lack introns and appear to be processed genes (16) .
Based on northern blot analysis of mouse nuclear RNA it has been proposed that rp-mRNAs in mammals are spliced derivatives of larger primary transcripts (15) . However, up until the present, we were unable to directly demonstrate the presence of intervening sequences in the corresponding genes. In this report we describe the inolation of six different mouse r-protein L7
genes which can be divided into two classes: (a) five, colinear with the corresponding mRNA and hence most probably processed genes; and (b) one introns containing gene, which might be functional.
MATERIALS AND METHODS
Animals: Adult male sabra HU strain and Balb/c mice were obtained from the Hebrew University breeding center. Southern (24) , and of RNA as described by Thomas (25) . Hybridization of immobilized nucleic acids with "P-nick translated probes (26) was as previously described (27) .
Subcloning of genomic L7 sequences into plasmid vector: Chimeric plasmids were constructed by ligation of gel isolated restriction enzyme fragments of X clones to pBR322 DNA that had been cleaved by the same restriction enzymes and treated with calf intestinal alkaline phosphatase (Boehringer). DNA prepared in this fashion was used for transformation of E. coli strain JC 5183 (28) Favaloro et al. (34) . Hybrids were digested with 5,000 u/ml of S1 nuclease (Boehringer) for 1 hour at 37°C and S1 resistant DNA was separated on 2% alkaline agarose gel (35) . Previous report from this lab has shown that in the mouse genome there are at least twenty EcoRI fragments containing ribosomal protein L7 sequences (27) suggesting that these r-proteins are encoded by a family of moderately repeated genes. To study their structure and organization we have screened two libraries of the mouse genome cloned in X phage Charon 4A using p49, a mouse L7-CDNA clone, as probe (15) . An additional and different clone (Ch16b-49) was isolated from the Alul -Haelll library. Eight of these clones (Ch45-49 will be described elsewhere)
were mapped with respect to several restriction enzyme sites ( Fig.1 were used as size markers.
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the genes in Ch16-49, Ch18-49, Ch28-49 and Ch16b-49, within reasonably small (3.1-8.1 kbp) restriction fragments, subclones were prepared by inserting these fragments at the corresponding sites of the plasmid pBR322. Subsequently, the coding segments within the subcloned fragments were localized and mapped in detail (Fig.1) . Since the cDNA in p49 represents only about half the size of L7 mRNA (15) we also used an 8.1 kbp EcoRI fragment derived from Ch16-49. Estimation of the content of L7 mRNA sequence in this fragment was carried out by S1 nuclease digestion of hybrids between this DNA and L7 enriched fraction of fetal mouse mRNA. The S1 nuclease resistant DNA-RNA hybrid was size fractionated on alkaline agarose gel, transferred to nitrocellulose filter and hybridized with 32 P-labelled p49 ( (c) Schematic representation of the EcoRI fragments hybridizing with the various probes. The letters refer to the restriction enzyme sites as in Fig.1 The 3.6 kbp bands observed in lanes 2 and 3 are the result of partial EcoRI digest.
fragments, while p49 hybridized with only three of them ( Fig.3b and c) . zation to pRL7-400 prior to affecting the hybridization of pRL7-2OO (Fig.3a) , indicating that the 0.2 kbp fragment is complementary to the 3' portion (3' probe) and the 0.4 kbp fragment to the 5' portion (5' probe) of the mRNA.
These probes were hybridized with EcoRI digested Ch16b-49 (Figs.3b and c) .
The results show that sequences in the 1.32 kbp and 1.51 kbp EcoRI fragments of this L7 gene correspond to the 5 1 and 3 1 ends, respectively, of the L7 mRNA.
The relative orientation of the various L7 genes with respect to L7-16b, as deduced from the electron micrograph of the heteroduplexes (Figs.4 and 5 ) enabled us to determine the 3' and 5' end in all the cloned L7 genes.
c) Heteroduplex analysis of L7 gene sequences.
Electron microscopy was used to map L7 sequences in the various recombi- Separation of S1 nuclease resistant RNA-DNA hybrid alkaline agarose gel has revealed the colinearity of the L7 sequence in Ch16-49 and the corresponding mRNA (Fig.2) . This finding, together with the observations that the five L7 genes: L7-1 (derived from Ch1-49), L7-35 (derived from Ch35-49), L7-16, L7-18, and L7-28 lack introns (Fig. 4) and differ from one another in their restriction enzyme maps and in their genomic context ( Fig.1) , is consistent with the concept that these genes might be processed genes.
Electron micrographs of heteroduplex molecule of Ch31-49 and Ch16b-49 reveals that the homology of the L7 genes in these two clones is limited to about 0.9 kb (Fig.5) . However, unlike the heteroduplex molecules described above, we observed here four single stranded loops, ranging roughly between 0.2 to 0.5 kb in length. Since L7-16 is an intron lacking gene included in Southern blot analysis of Balb/c mouse liver DNA digested with EcoRI and hybridized with p49, reveals at least twenty fragments (Fig.6a) . Seven of these fragments (b, f, g, k, n, q, s and u) correspond to L7 containing EcoRI fragments in the isolated genomic clones. To estimate the extent of homology of all these sequences with L7 cDNA we melted the hybrids by increasing the temperature. The results show that only six out of the twenty hybrids were maintained at 70°C. Since five of these (b, f, g, k and s) correspond to isolated L7 genes (L7-35, L7-16, L7-18, L7-45 and L7-16b, respectively) it seems that selection of clones containing L7 sequences from the Balb/c DNA library, was not random but rather biased to the more strongly hybridizing ones. Fragment r is the only EcoRI fragment which exhibits a high degree of homology with L7 cDNA and is not represented among the isolated L7 genomic clones.
Assuming that most of the intron lacking genes are not functional, as previously shown for other processed genes (38) (39) (40) (41) (42) , their sequences would be expected to change due to the lack of selective pressure. Such alterations are suggested by the variety of restriction enzyme sites within the various L7 genes (Fig.1) . Melting profile analysis was employed to quantitate this divergence. Recombinant DNAs were immobilized on nitrocellulose filters, hybridized with "P-labelled p49 and the hybrids were washed at different temperatures (Fig.6b) . The results demonstrate a great diversity of Tm's (67°, sequences, while L7-1 has 15% more mismatched base pairs with respect to L7 cDNA. It is interesting to note that rat L7 mRNA has maintained greater homology (100%) with the mouse L7 cDNA (27) than do the mouse genes L7-1, L7-28 or L7-18 with the same cDNA. In light of all these observations it seems that the intron-lacking L7 genes are processed genes. A possible mechanism account for the generation of such intron-lacking genes might be copying of sequences present in L7 mRNA and integration of these cDNA-like segments into the genome in the germ cells.
It has been proposed that the extent of divergence between the various processed genes reflects the time elapsed since the integration events (42).
Thus, L7 processed genes can be arranged according to their evolutionary age, such that the "oldest" is L7-1 and the "youngest" is L7-16.
The presence of several multigene families with one or more processed genes has been reported (38) (39) (40) (41) (42) . Similarly, we have recently presented data suggesting that all four different mouse L18 genes examined are processed genes (16) . However, besides the intron-lacking L7 genes, we have described here the isolation and characterization of an L7 gene (L7-16b) which contains introns. This gene is the only L7 gene studied which contains all four restriction enzyme sites also identified in the corresponding cDNA. Applying the criteria of introns and a high degree of homology with L7 mRNA, L7-16b may be a functional L7 gene. The isolated L7 genes described here correspond to about fifty percent (9 out of 20) of the hybridizable EcoRI fragments in the mouse DNA. However, these clones are most probably not a random sample of L7 sequences but rather have been selected due to their relative high homology with L7 cDNA. Therefore, it is reasonable to assume that in the mouse genome there is one or, at the most, two additional L7 genes which are comparable with L7-16b. Similarly, only three potential functional genes have been shown to occur among ten human S tubulin genes studied (42) .
Northern blot analysis of mouse poly(A) + nuclear RNA revealed a distinctive set of high molecular weight L7 components. It has been suggested that the largest (3.5 kb) represents the primary transcript of an L7 gene while the other (3.1, 2.7, 2.4 and 1.7 kb) are processing intermediates (1,15).
Since we were unable to precisely determine the size of the introns in L7-16b
we could not assign presumptive precursors of the L7 mRNA to the molecules in the electron micrographs. In addition, we cannot eliminate the possibility that some of the high molecular weight L7 nuclear RNA sequences reflects expansion of the L7 mRNA at the 3' end due to the presence of multitermination sites, as has been shown for other mRNAs (43, 44) . Alternatively, they might represent transcripts of different genes encoding L7.
Although it is tempting to assume that the intron-lacking genes are incompetent and the one containing introns is functional, we cannot completely exclude the possibility that some of the processed genes are functional as has been recently demonstrated for chicken calmodulin processed gene (45) .
Neither can we rule out the possibility that intron containing genes might be pseudogenes as has been shown for two members of the multigene family encoding human 8 tubulin (42, 46) .
Sequence analysis of the isolated L7 genes as well as assessment of their expression potential will enable us to verify the correlation between the absence of intronsand incompetence of the corresponding genes and whether L7-16b is, indeed, functional.
